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Effects of boiling and steaming cooking methods were studied on total polyphenols, antioxidant capacity, and biogenic amines of
three green bean varieties, purple, yellow, and green.The vegetables gave good values both for antioxidant capacity and for phenolics
content, with the purple variety being the richest in healthful components. Both the heat treatments affected the antioxidant
properties of these vegetables, with boiling that reduced the initial antioxidant capacity till 30% in the yellow variety, having the same
trend for total polyphenols, with the major decrement of 43% in the green variety. On the contrary, biogenic amines significantly
increased only after boiling in green and yellow variety, while purple variety did not show any changes in biogenic amines after
cooking. The steaming method showed being better cooking approach in order to preserve the antioxidant properties of green
beans varieties and to maintain the biogenic amines content at the lowest level.
1. Introduction
In recent years, as part of a public health strategy for chronic
disease prevention, five daily portions of fruits and vegetables
(approximately 400 g/day) have been recommended [1]. In
fact, literature shows that plant food consumption is related to
mortality reduction, includingmortality from cardiovascular
diseases, type 2 diabetes, and cancer [2]. This may be due in
part to the high amounts of beneficial components present in
vegetables such as dietary fiber, folate, antioxidants, vitamins,
polyphenols, and potassium [3]. Phytochemicals, in particu-
lar, are recognized as being responsible for these protective
effects. They are secondary plant metabolites responsible for
plant food colour, smell, flavor, and bitterness and consist of a
wide variety of different molecules, all important for diseases
prevention by impacting the production and the action of free
radicals.
Biogenic amines (BAs) are natural contaminants origi-
nated from enzymatic decarboxylation of the corresponding
amino acid. As the microbial spoilage of food may be
accompanied by the increased production of decarboxylases,
the presence of BAs might serve as a useful indicator of food
spoilage [4]. They are ubiquitous in all food, but in particular
in fermented food, and can exert negative impacts on human
health, especially tyramine and histamine [5].
In vegetables polyamines are particularly present, where
they play different roles in the cellularmetabolism. Putrescine
(PUT), spermine (SPM), and spermidine (SPD) are con-
sidered to be bioregulators of numerous cell functions,
being involved in the process of cell growth, division, and
differentiation. These BAs are also involved in tissue repair
and in intracellular signaling.
On the other hand, polyamines, although not exerting a
direct toxic effect, can potentiate the toxic effects of tyramine
and histamine by competing for the detoxifying enzymes and
act as precursors of carcinogenic nitrosamines.
Furthermore, some authors [6] have reported that a
polyamine deprivation regime can have beneficial effects in
reducing tumor growth.
Moreover, the beneficial effects of the diamine agma-
tine (AGM) for human health, in its various functions
from neurotransmitter or neuromodulator to stimulator of
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insulin release and tumor suppressor agent are well known
[7].
While fruit consumption occurs most often in its fresh
form, vegetables are usually consumed after cooking, which
can be performed in different ways, according to culinary
traditions or personal tastes.
Food processing not only improves flavor, digestibility,
and palatability of foods but also increases food safety by
microorganism destruction and by antinutritional factors
inactivation.
On the other hand, biological, chemical, and physical
properties of vegetables are modified during the thermal
process; these modifications include changes in texture or
turgor, smell, and colour but the most important changes,
in the nutritional point of view, are the influence on the
concentration and bioavailability of bioactive compounds in
vegetables [8].
However, both positive and negative effects on polyphe-
nols content and antioxidant capacity have been reported
in recent literature. In fact, the cooking process can cause
the thermal degradation of phytochemicals, but also it can
increase their total content by enhancing their availability for
extraction, inactivating the polyphenol oxidase, or releasing
fiber-bound polyphenols into free polyphenols [8]. The final
result depends upon differences in process conditions and
morphological and nutritional characteristics of vegetable
species [9–12].
Regarding the fate of BAs after the cooking process, few
and contradictory studies have been reported. Some authors
concluded that these compounds are heat stable compounds
and their level is not significantly reduced by high tempera-
ture treatment [13]. According to other authors, cooking pro-
cesses and heat treatments can influence polyamine contents
[14, 15].
For example, Shalaby reported that although biogenic
amines in some type of legumes can be eliminated through
boiling, boiling is not effective in eliminating biogenic amines
in sprouted legumes. However, biogenic amines are reported
in boiled and grilled eggplant as heat stable compounds [16]
and cooking or prolonged exposure to heat will not eliminate
the toxin [17, 18].
Overall, in meat products losses of both SPD and SPM
varied in the range of 30–50% of their initial content prior to
cooking [19–23].
Therefore, the effectiveness of biogenic amines reduction
via heating treatment requires experimentation on each
produce crop type via different cooking methods.
Green beans are the unripe fruit and protective pods of
various cultivars of the common bean (Phaseolus vulgaris),
belonging to the legume family Fabaceae. Green beans are
highly appreciated all over the world for their fleshiness,
flavor, and sweetness. From a nutritional point of view,
they are good source of vitamins, fibers, and antioxidant
compounds [24]; therefore, it is important to understand how
thermal processing affects the nutritional quality of these
vegetables.
There are several green bean varieties available in
the market; they differentiate for textures or colours or
flavors.
In recent literature, there are some studies investigating
the presence of antioxidant compounds in green beans as
raw vegetables [24, 25] during cooking process [26, 27] and
in canned green beans [28]. To our knowledge, no study
has been reported on the presence of biogenic amines in
green beans and on the difference of total phenols content
and antioxidant capacity among green beans cultivars, which
otherwise could be an interesting aspect to explore, since dif-
ferent colours in vegetables are reported to be associated with
dissimilar antioxidants profiles and levels [29]. Interesting,
also, is the knowledge of the evolution of all these parameters
during the cooking processes in relation to a comparative
approach of different cultivars and cooking methods.
The present study is aimed at evaluating the cooking
induced changes in green beans on total polyphenols and
biogenic amines content and on their antioxidant capacity,
before and after two most common cooking ways, steam-
ing and boiling. The vegetables studied belonged to three
different cultivars, which mainly differed for pod colour:
(a) Cv Purple Queen, heirloom pole bean with beautiful
purple pods, purple-veined leaves, and violet flowers: the
large purple pods are easy to see, making harvesting easier;
(b) Cv Brittle Wax, producing beautiful, uniformly slender
filet-style beans, but with yellow colour and great flavor;
(c) Cv Allure, fine green filet bean that produces slender,
stringless pods.The results have been evaluated in relation to
different cultivars of origin and to different cookingmethods.
2. Materials and Methods
2.1. Sampling. Green beans were purchased from local mar-
kets in Rome, Italy, and used as research material.
The vegetables (2 kg for each variety) were randomly
sampled from the shelf.
Vegetables were washed with tap water after removing
manually inedible parts with a sharp knife, dried on paper
towel, and cut into almost equal small pieces or slices, mixed
well, and 900 g was taken and divided into three portions
(300 g for each application). One portion was retained raw;
others were cooked in two different methods in triplicate,
as given below. Cooking conditions were determined, with a
preliminary experiment for each green bean variety.
Boiling: vegetable (100 g) was added to 200ml of water
that had just reached the boil in a stainless steel pan and
cooked for 10min. The samples were drained off and cooled
rapidly on plenty of ice.
Steaming: vegetable was placed on tray in a steam cooker
covered with lid and steamed over boiling water for 15min
under atmospheric pressure. The samples rapidly cooled on
ice.
2.2. Analytical Methods
2.2.1. Chemicals. Methanol, acetonitrile (HPLC grade), per-
chloric acid, Folin-Ciocalteu reagent, 2,2-azino-bis (3-ethyl-
benzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
2,2-diphenyl-1-picrylhydrazyl (DPPH), potassium persulfate
(+/−), gallic acid (GA), and sodium carbonate were from
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Sigma Chemical Co. (St. Louis, MO, USA). Distilled water
was purified using aMilli-Q system (Millipore, Bedford,MA,
USA).
The eleven biogenic amines studied were ethylamine
(ETA), methylamine (MEA), histamine (HIS), serotonin
(SER), spermine (SPM), spermidine (SPD), agmatine
(AGM), putrescine (PUT), 𝛽-phenylethylamine (𝛽-PEA),
cadaverine (CAD), and tyramine (TYM) all of which were
supplied by Supelco, Bellefonte, PA, USA, as well as the
derivatizing agent dansyl chloride and the internal standard
1,7-diaminoheptane (IS).
2.3. Sample Extraction: Antioxidant Capacity and Total Poly-
phenols. Sample extractions for the antioxidant capacity
and the phenols content were prepared from 10 g of green
beans, in 50ml of methanol (Labscan, Ireland). Samples
were homogenized in an Ultra-Turrax for 3min and then
centrifuged at 3000 rpm for 5min.
2.3.1. Determination of Antioxidant Capacity. The DPPH
free radical scavenging activity of the sample extract was
evaluated by measuring the decrease in absorbance at 515 nm
as previously reported [30]. The absorbance was measured
against methanol using a Lenway 6705 UV-Vis spectropho-
tometer with 1 cm path length cuvettes.
Antioxidant capacity was determined also by the ABTS
assay conducted by the method by Thaipong et al. [31]. The
disappearance of ABTS.∗ was determined by measuring the
decrease in absorbance at 734 nm.
Results were calculated using the inhibition rate (𝐼) of the
radical cation for both the assays, according to the following
equation:
𝐼% =
𝐴0 − 𝐴𝑓
𝐴0
⋅ 100 (1)
𝐴0 is radical cation initial absorbance;𝐴𝑓 is absorbance after
sample extract adding.
2.3.2. Determination of Total Phenolics Content. Total phe-
nolics content was determined using the Folin-Ciocalteu
method according to Singleton et al. [32]. Total phenolics
content was expressed as milligrams GA equivalent (GAE)
per 100 g FW.
2.4. Biogenic Amines. HPLC chromatographic separation of
biogenic amines was developed in a system consisting in a
LC-10 ATVP binary HPLC pump with RF-10AXL fluores-
cence detector (Shimadzu, Kyoto, Japan). The injector was
fitted with a 20𝜇l loop. The chromatographic data were
collected and processed using Class-VP software (Shimadzu).
The analytical method was rapid and sensitive as described in
a previous work [33], which involved a Kinetex C18 core-shell
particle column (100mm × 4.6mm, 2.6 um particle size).
Fluorescence detection was set at 320 nm for excitation and
523 nm for emission. Identification of the biogenic amines
was based on their retention times. Accuracy (recovery >
94%) and precision (RSD < 4%) were evaluated in triplicate
using samples spiked at two concentration levels of biogenic
amines. Quantitation was performed using the internal stan-
dard calibration method using linear regression analysis (𝑟 ≥
0.999).
Biogenic amines from green bean samples were extracted
according to a previously optimized method [34]. Briefly,
5 g of green beans, previously added with IS (0.5mL), was
extracted with 15mL of HClO4 0.6M, homogenized for 3
minutes, and centrifuged at 4000 rpm for 10min. Supernatant
was filtered through a 0.20𝜇m membrane Millipore filter
and sediment was added with 8mL of HClO4 0.6M, mixed,
and centrifuged again for 3min. The second extract was
then filtered and added to the first. The final volume was
adjusted to 25mL with HClO4 0.6M. An aliquot of 1mL
of the final extract was then derivatized by adding 200 𝜇L
of NaOH 2M, 300 𝜇L of saturated NaHCO3 solution, and
2mL of dansyl chloride solution (10mg/mL in acetone). After
shaking, samples were left in the dark at 45∘C for 60min.
The final volume was adjusted to 5mL by adding acetonitrile.
The dansylated extract was filtered using 0.22𝜇m (Polypro
Acrodisc, Pall GelmanLaboratory,USA) and injected into the
chromatograph.
2.5. Statistical Analysis. One-way analysis of variance
(ANOVA) was performed for each green bean to obtain a
statistical assessment of the evolution of the physiochemical
parameters during storage. Means were separated by
Fisher’s least significant difference (LSD) test at 𝑝 ≤ 0.05
significance, using the Statistical Analysis System (SAS Ver.
9.0). Correlation analysis was performed and the Pearson
correlation coefficient was calculated.
3. Results and Discussion
In all the assayed green beans varieties, the fresh weight after
steaming, in comparison to the raw one, showed a decrease
due to a water loss of the vegetable tissue. On the other hand,
the boiling process induced a water intake and, therefore,
an increase of weight in all samples. Therefore, to allow the
comparison among varieties and cooking methods, all the
results are expressed in terms of fresh weight (FW).
3.1. Antioxidant Capacity and Total Polyphenols. The antiox-
idant activity was measured by two different assays as has
been recommended until antioxidant activity in foods is
fully understood. The results of the two assays based on the
scavenging capacity of two free radicals (ABTS∗ and DPPH)
by the samples methanol extract are shown in Table 1 and
plotted in Figure 1. The present results showed a good overall
correlation between the two assays (𝑟 = 0.95).
Both the assays gave similar results in the raw vegetables
antioxidant ranking, with the purple variety having the
highest scavenging activity followed by the green and the
yellow variety.
After the cooking methods all the green beans varieties
resulted in a significant decrement (𝑝 < 0.05) of their
antioxidant capacity, except for the purple type in the DPPH
assay, whose value did not show any significant change after
cooking.
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Table 1: Effect of different cooking methods on total phenolic content and antioxidant capacity of three green beans varieties.
Variety Cooking method DPPH (𝐼%) Folin (mgGAE/100 g FW) ABTS (𝐼%)
Purple(Cv Purple Queen)
Raw 78.40 ± 1.44a 23.20 ± 0.12a 96.00 ± 0.58a
Steaming 75.55 ± 1.45a 21.68 ± 0.17b 90.80 ± 1.43b
Boiling 68.97 ± 1.46b 15.03 ± 0.09c 83.10 ± 0.14c
Green (Cv Allure)
Raw 66.70 ± 1.55a 11.87 ± 0.15a 53.51 ± 2.26a
Steaming 52.60 ± 1.50b 8.30 ± 0.11b 47.80 ± 1.03b
Boiling 47.60 ± 1.56c 6.78 ± 0.16c 38.60 ± 0.58c
Yellow (Cv Brittle Wax)
Raw 54.20 ± 1.17a 7.81 ± 0.15a 45.70 ± 1.84a
Steaming 46.70 ± 1.38b 6.29 ± 0.18b 39.40 ± 1.24b
Boiling 38.60 ± 1.27c 5.25 ± 0.03c 31.05 ± 1.32c
Data are expressed as means ± standard deviation of triplicate experiments. Mean values in a columnwith different letters are significantly different (𝑝 < 0.05)
with the LSD test for each green bean variety.
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Figure 1: Effect of boiling and steaming treatment on the antioxidant activity (𝐼%) and total polyphenols (mg/100 g FW) on three green beans
varieties.
The cooking method that affected most the antioxidant
capacity was boiling, with a decrease of the DPPH assay in
the yellow variety of 29% value and of 32% of the ABTS∗
assay value in comparison to the raw sample. The decrement
in the ABTS∗ assay value caused by the steaming method
ranged from 5.4% for the violet type to 14% for the white
type, the same as that in the DPPH assay for this type of
bean. Same trends have been described in the previous article
by Baardseth et al. [24] for boiled green beans where the
DPPH assay value loss reached 40%, and in the work by
Jiratanan and Liut [28] the total antioxidant activity of boiled
green beans for 10min at constant temperature showed a
9% decrease in total antioxidant activity as compared to the
raw control. These findings are in contrast to those reported
by of Jime´nez-Monreal et al. [35] and Ismail et al. [36] that
detected nodecrement inABTS radical scavenging, and those
by Turkmen et al. [27] reported 162% recovery in DPPH in
boiled green beans and 185% in steamed green beans.
Polyphenols are a large class of plant secondary metabo-
lites important for the quality of plant based foods: they are
responsible for the colour foods and are also involved in flavor
properties [37]. As expected, from their function of natural
pigments, the total polyphenol content in raw green beans
ranged from 78.1 in the yellow variety to 232 in the purple
variety mg GAE/100 g FW.
The concentrations of total polyphenol contents of the
cooked vegetables are shown in Table 1 with comparison
of raw vegetables. Cooking style affected total polyphenol
content of samples. Both steaming and boiling methods of
cooking significantly affected (𝑝 < 0.05) total polyphenol
content on the three types of tested green beans, but the boil-
ing method resulted in the highest loss of total polyphenolic
content with respect to the raw vegetable: 42.9% in green
variety, followed by the purple variety with 35.2% and the
yellow variety with 32.8%. The steaming method seemed to
preserve better the polyphenols content with a 6.5% decrease
in purple, 19.4% in yellow, and 30.0% in green variety. The
results indicated that polyphenolic compounds were very
sensitive to heat treatment.
The data on total polyphenols were in good agreement
with both the radical scavenging assays for antioxidant
capacity assessment (𝑟 = 0.97 with ABTS∗ and 𝑟 = 0.95 with
DPPH).
The high correlation among antioxidant capacity and
phenolic compounds in fruit and vegetables has been pre-
viously reported with a similar magnitude [38, 39]; these
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Figure 2: Effect on the total level of biogenic amines (mg/100 g FW) of steaming and boiling treatment of three varieties of green beans.
findings suggest that phenolic compounds are a major
contributor to antioxidant capacity in these foods. For this
reason, we have assumed that the factors involved in the
polyphenols loss were the same causing the antioxidant
activity decrement in samples.
The loss can be attributed to thewater soluble compounds
leaching into the cooking water as well as the breakdown of
these compounds during cooking [40]. This process can be
increased by the fact that prior to cooking green beans are
cut to remove the inedible parts; cutting operations are in fact
reported to reduce polyphenols due to oxygen exposure and
to the polyphenol oxidase activation [41, 42].
These discrepancies in the results reported in literature
can be explained by differences in the extraction and cooking
methods. Podsedek et al. [43] in fact reported the phenolic
losses proportional to boiling time and to the amount of
water. The great variability related to the different varieties
of vegetables studied has been deeply summarized in the
review by Palermo et al. [8]. As an example of this extreme
variability, which prevents arriving to any generalization, we
can consider thework by Faller and Fialho [44]where organic
vegetables showed a higher sensitivity to the heating process
than conventional counterparts.
3.2. Biogenic Amines. The biogenic amines in green beans
cooked by different methods are shown in Table 2. In
this study, the highest total mean biogenic amine con-
tent in raw green beans was determined in the purple
variety (27.92mg/100 g FW) followed by the green vari-
ety (14.83mg/100 g FW) and white variety (6.99mg/100 g
FW) (Figure 2). Ethylamine, cadaverine, histamine, sero-
tonin, and tyramine were not detected in any sample. B-
phenylethylamine was detected only in boiled vegetables.
The green and the yellow varieties showed a significant
increment (𝑝 < 0.05) of biogenic amines after boiling. In the
yellow variety, MEA, SPD, and SPM were almost triplicated
in comparison to the raw sample, while PUT and AGM
increased by 24% and 44%, respectively. In the green variety,
resultingMEA doubled in comparison to the raw sample and
AGM had an increment of 31%.The only biogenic amine that
showed a significant decrement during the cooking process
was SPM in the green variety after steaming.
The purple variety behavior during both the cooking
methods was quite different. The only two biogenic amines
that had a change after boiling were BPEA and SPM, with a
41.5% increment.
There are fewworks in literature dealingwith the presence
of biogenic amines in vegetables [45–48] and no one on the
presence of these compounds in green beans. Furthermore,
to our knowledge there is only a study on the evolution
of biogenic amines in vegetable during cooking [16] that
focuses only on the sum of PUT and SPD in three eggplant
genotypes before and after boiling and grilling, showing a
significant increment of 55% after boiling only in one of the
three genotypes.
Due to the scarcity of previous studies on the cooking
induced changes in biogenic amines levels in vegetables
only some hypothesis can be postulated on the results on
green beans. The general trend on an increment of all the
biogenic amines after boiling can originate (i) from the
possible inactivation of the amine oxidase enzymes due
to high temperature; (ii) from an enhanced availability for
extraction, to amore efficient release of biogenic amines from
intracellular proteins and altered cell structures [8]; (iii) from
the degradation of other compounds, including precursor
amino acids.
The highest content in raw purple sample of BAs and of
antioxidant compounds, together with a firmer structure at
the end of the heat treatment, in comparison to the other
varieties, can be therefore for further investigations to under-
stand the different behavior in this type of green beans and
to deepen the causes for the general increment of BA in this
vegetable. Furthermore, the results confirm that each variety
of each food product needs to be subject of experimentation,
highlighting the great variability of different genotypes.
4. Conclusions
The present study aimed to evaluate the changes of antioxi-
dant properties and biogenic amines content of three different
varieties of green beans, chosen for presenting different
colours in the raw form, after boiling and steaming treat-
ments. The results show a good antioxidant content in all
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the varieties considered, but, as expected, with a highest con-
centration of healthy compounds in the purple variety. Both
the cookingmethods affected the antioxidant properties, with
steaming being the method that preserved better the initial
content. Furthermore, steaming, unlike boiling, did not result
in an increment of the biogenic amines studied in green
beans, being therefore the preferable heat treatment.
Further studies need to be conducted on different vegeta-
bles matrices, taking into account all the potential sources
of variability, such as genotype, cooking, and extraction
procedures, in order to have a general knowledge on the
preservation of nutritional quality of food.
Additional Points
Practical Application. Green beans are a popular vegetable,
consumed for their good taste and because they are good
source of antioxidants. The present article aims to evaluate
the evolution of antioxidants and biogenic amines during
domestic cooking, giving practical indications on the best
cooking method for the green beans quality preservation.
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